of middle latitudes of the northern hemisphere cause a permanent exchange of air masses leading to significant daily and annual variability in wind direction and speed. This results in occasional storm surges along the western and southern Baltic coastline, reaching 300 cm above the sea's average level (Dziadziuszko, 1994) . The coastal zone of the southern Baltic Sea features young accumulation from Pleistocene glaciers and possesses a large variety of hydrographic entities, which may be affected by marine effects, as earlier research has shown. Sandbars with marshy deflation basins stretch along the Baltic Sea -separating the sea from lowlands featuring large wetland systemsmany of which include polders, lakes, lagoons, deltas and estuaries. In some cases, these bodies of water form hydrographic systems (Cie liński, 2004) . Changes in water chemistry are one indicator of marine impact on coastal bodies of water. Chloride concentration is often used to assess the influx of seawater into coastal bodies of water along the southern Baltic coast. Changes in all of the above conditions yield the current state of the hydrographic network along the southern Baltic.
Research subject
The research covered single hydrographic entities such as lagoons, lakes, mouth sections of rivers and wetlands as well as entire hydrographic systems along the Polish section of the southern Baltic coast (Fig. 1) . The research sites were selected in a way that would capture any potential differences in environmental processes.
1 -lakes, 2 -wetlands, 3 -islands, 4 -rivers Chloride was selected as the best hydrochemical indicator, as it migrates well in the natural environment and does not react with other chemical entities (Hem, 1989) . The chloride ion is also used in comparative papers for the southern Baltic coast (Cie liński, Drwal, 2005) . The reference salinity level for brackish water varies from paper to paper. Appelo and Willems (1987) define it as 100 mg Cl -dm -3 , while Davies and DeWiest (1966) 
Seawater intrusions in bodies of freshwater
Occasional storm surges occur along the southern Baltic coast. Low water levels occur periodically in the southern Baltic coastal zone. Both types of events cause seawater intrusions into bodies of freshwater along the Baltic coast. The Polish and international research literature contains a large quantity of descriptive information on seawater intrusions along the southern Baltic. Halbfass (1901 Halbfass ( , 1904 and Kunisch (1913) investigated two coastal lakes along the southern Baltic (Gardno and Łebsko) and found that the concentration of chloride decreased in canals linking the lakes to the sea with increasing distance to the sea. They explained this in terms of the influx of water from the Baltic Sea but found that it is quickly pushed out by freshwater. Kunisch (1913) also found that temporarily high concentrations of chloride in Lake Gardno may have been caused by sand blocking the lake's sole outlet -the Łupawa Canal. Kunisch also stated that the elevated concentration of chloride did not last long because it was reduced by the influx of large quantities of freshwater from the lake's drainage basin. Szopowski (1962) wrote about water exchange taking place between Lake Łebsko and the Baltic Sea in 1956-58. He was the first to link the lake's influx of seawater with hydrometeorological factors. Szopowski based his analysis of changes in water levels in Lake Łebsko on measurements made at the Rąbka gauging site. He also used seawater data from a water gauge located in the Port of Łeba. His paper did not include a calculation of the quantity of seawater flowing into Lake Łebsko. Mikulski, Bojanowicz and Ciszewski (1969) investigated the exchange of water between Lake Druzno and Vistula Bay and proposed a new method of calculating the influx of seawater into Lake Druzno based on differences in average water levels in the coastal lake and the neighboring Baltic Sea. The three researchers calculated channel cross sections as well as the slope and discharge for the river linking the lake with the bay. The length of river supplying water to the lake was calculated based on the ratio of discharge and influx time. If the calculations indicated that the theoretical river length was larger than the actual length of the Elbląg River, then it was inferred that brackish water from Vistula Bay was entering Lake Druzno. Łomniewski and coworkers (1972) evaluated temporal and spatial changes in water salinity in the Vistula Delta. Majewski (1972) evaluated water exchange between the Baltic Sea and lakes Łebsko and Jamno. Majewski performed his research as part of a project on coastal lakes as transitional estuaries and assessed the number of seawater intrusions into Lake Łebsko (1972) during the period 1958-65. Cie liński and Drwal (2005) analyzed quasi-estuary processes along the Polish Baltic coastline and their impact on human activity. Drwal and Cie liński (2007) analyzed seawater intrusions and their effects on selected coastal lakes with special attention being paid to the reasons for differences between the selected lakes. Coastal areas are places where human life, safety and economic conditions often depend on phenomena and processes characterized by great intensity and dynamics. Seawater intrusions are some of the most common events taking place during extreme weather conditions. The effects of seawater intrusions have been observed in coastal lakes (Saeijs, www.intechopen.com Stortelder, 1982; Tiruneh, Motz, 2003) , lagoons (Ishitobi et al., 1999; Tanaka et al., 2005) , wetlands (Glover, 1959; Flynn, McKee, 1995) and mouth sections of rivers (Foster, 1980; Giambastiani et al., 2007) . Seawater intrusions cause an increase in water salinity (van der Thuin, 1990 ) and abruptly increased water levels (Haslett, 2008) . Seawater intrusions are easily detectable in lakes (Bear et al., 1999; Pulido-Leboeuf, 2004) . The subject of seawater intrusions into coastal lakes has been covered by a number of researchers worldwide. The following citations are just a sample of the literature on this subject and were deemed most relevant to the theme of this paper. Bowden (1967) identified the mechanism of water exchange in selected estuaries. Folk (1974) analyzed changes in the concentration of calcium and magnesium resulting from the influx of seawater. Davidson et al. (1991) characterized estuaries in Great Britain. Ishitobi et al. (1999) described physical effects resulting from seawater intrusions into the coastal lake Shinja. Godo et al. (2001) described the effects of wind on the mixing of water from two coastal lakes in Japan. Murray (2002) wrote about the natural environment and its effect on an estuary-type lake. Spagnoli et al. (2002) described the hydrological and sedimentation characteristics of the Laguna di Varano along the northern Gargano coast in Italy. Whittecar et al. (2005) wrote about seawater intrusions into a hollow along the Chesapeake Bay in the United States. Mosquera et al. (2005) determined the effect of the wind on seawater intrusions into Venice Bay. Hsing-Juh et al. (2006) described the structure and function of a tropical lagoon experiencing minor seawater intrusions. Macdonald et al. (2006) wrote about surface runoff and its effects on the chemistry of sediments in estuary-type lakes. Sanderson and Baginska (2007) determined the influx of seawater into coastal lakes in New South Wales, Australia, caused by fluctuations in ocean water levels. A number of researchers have ascribed estuary-type characteristics to various lakes (Beletsky et al., 1999; Piasecki, Sanders, 1999) . Seawater intrusions along the southern Baltic coast vary in extent and hydrochemical effects. The nature of the effect depends on the body of water and whether the given body of water is isolated or is part of a larger system of bodies of water.
Types of hydrographic entities experiencing seawater intrusions
The following types of bodies of water have been found to experience seawater intrusions: lagoons, standing water, mouths of rivers, canals linking lakes with the sea, wetlands, hydrographic systems. The research literature offers insight into the course of seawater intrusions and their effects.
Lagoons
Vistula Bay is connected to the Baltic Sea via the Strait of Pilawa (Fig. 2) . The capacity of the bay is estimated at 2.3 km 3 . The water salinity level in the nearby Bay of Gdansk is three times higher than that in Vistula Bay. The maximum depth of Vistula Bay is only 5.1 m, which favors the mixing of water from top to bottom. Water salinity in the bay can be classified in terms of salinity zones (Fig. 3) . The lowest chloride concentrations are found in the western part of the bay (site no. 8). The western part of the bay is affected by the inflow of Nogat River. The highest chloride concentrations are found in the northeastern part of the bay (site nos. 1, 2, 3, 4). The salinity zones shift based on the rate of water exchange with the Baltic Sea and the magnitude of river water inflow. www.intechopen.com
The mean concentration of chloride in the period 1996-98 ranged from 1,373 to 1,991 mg/dm 3 . Extremely low and extremely high concentrations were noted in 1998 (121 mg/dm 3 ) and 1997 (3,025 mg/dm 3 ) (Elbląg WIOS 1 data). Low concentrations of chloride were detected during the spring surface runoff season in the drainage basin. High concentrations of chloride were detected at low bay water levels during the summer and during the autumn (mainly October) when Baltic sea storms are more common (Fig. 4) , which results in more seawater intrusions. This is shown by measurements performed in 1996-98, which indicate elevated chloride concentrations at measurement site A (1,005 -1,495 mg/dm 3 ). The concentration of chloride varied substantially at measurement site B ranging from 132 to1,783 mg/dm 3 . Fig. 4 . Mean monthly concentrations of chloride (1996) in the surface waters of Vistula Bay.
Bodies of standing water
The coastal area along the southern Baltic Sea includes a number of bodies of standing water such as large lakes as well as small lakes formed in old hollows resulting from an uneven distribution of sediment in river deltas and due to being cut off from larger bodies of water thanks to sediment accumulation. Large lakes with mean chloride concentrations exceeding 200 2 mg Cl -dm -3 include lakes Koprowo, Resko Przymorskie, Jamno, Bukowo, Gardno, Łebsko (Fig. 5) . Corresponding small lakes include lakes Ptasi Raj and Kara , (Fig. 5) .
Research in the period 2002-07 has shown that the concentration of chloride does not fall below 200 mg Cl -dm -3 in lakes Koprowo, Resko Przymorskie, Bukowo and Łebsko (Tab. 1). It may, therefore, be inferred that these lakes constantly experience seawater intrusions. The weakest intrusions affect Lake Koprowo (320 -780 mg Cl -dm -3 ). www.intechopen.com Lake Gardno is yet another type of case of seawater intrusion. The concentration of chloride is very high in Lake Gardno for most of the year. The maximum recorded concentration is 1,512 mg Cl -dm -3 . However, the lake's salinity decreases substantially during certain periods of time and can reach as low as 13.9 mg Cl -dm -3 (Fig. 6) . While the Baltic Sea is the dominant factor in the lake's salinity level, freshwater influx from the lake's drainage basin can also play a role in some situations. The concentration of chloride in Lake Jamno generally remains below 200 mg Cl -dm -3 and freshwater chloride levels tend to be common. The minimum concentration of chloride detected in Lake Jamno was 70 mg Cl -dm -3 . Seawater intrusions in Lake Jamno can cause abrupt increases in chloride concentration across the entire lake or in certain parts of the lake (698 mg Cl -dm -3 ). Two good examples of the Baltic Sea impacting the chemistry of a small lake originating as a puddle due to uneven sediment accumulation in a delta are Lake Ptasi Raj (mean concentration: 3,284 mg Cl -dm -3 ) and Lake Kara (mean concentration: 2,212 mg Cl -dm -3 ). The lowest chloride concentration recorded during the summer in Lake Ptasi Raj was 2,311 mg Cl -dm -3 , while the highest concentration was 4,090 mg Cl -dm -3 . The lake is permanently affected by water from the Baltic Sea.
Canals linking lakes with the sea
Lake Gardno is linked with the sea by a canal 1 km long and 15-20 m wide (gradient: 0.3 ‰) (Fig. 7) . The rate of water flow from the lake to the sea ranged from 6.3 to 11.8 m 3 s -1 during the study period. The direction of flow becomes reversed with winds from the north and a higher water level in the sea versus the lake. In 15 of 16 cases observed during the 2002-07 study period, the concentration of chloride ranged from 250 mg Cl -dm -3 to just under 2,000 mg Cl -dm -3 , which indicates seawater intrusions (Fig. 8) . The chloride concentrations in the lake were close to those in the Baltic Sea itself. Lake Łebsko is linked with the sea by a canal about 2.7 km long and 5-25 m wide (gradient: 0.11‰) (Fig. 9) . The rate of water flow from the lake to the sea ranged from 10.2 to 24.3 m 3 s -1 during the study period. When the hydrometeorological conditions are right, the direction of flow can become reversed. This occurred on Nov. 10, 2006 with a rate of full channel seato-lake water flow of 54 m 3 s -1 . The concentration of chloride in the Łeba Canal is persistently high, which indicates that seawater intrusions do not occur (16 observations, 2002-07) regardless of hydrometeorological conditions. The seawater effect is more pronounced during sea storms in the autumn and winter and less pronounced at low sea levels in the summer and during snowmelt season. In addition, the concentration of chloride in the canal increases with decreasing distance to the sea (Fig. 10) .
Mouths of small rivers
The Reda River is 45 km long and has a drainage basin of 485 km 2 and empties into Puck Baya part of the larger Gdansk Bay. The Reda river channel is 6-13 m wide and 0.5 -1.0 m deep. Its discharge is 4.1 -6.3 m 3 s -1 . The duration of temporary increases in chloride concentration in rivers is related to the duration of favorable winds. The concentration of chloride at the mouth of the river was 1,142.7 mg/dm 3 (Fig 11) on May 20, 2004 . The presence of water from Puck Bay can be traced to easterly winds with a speed of more than 10 m s -1 . The Płucnica River is 9.2 km long and has a drainage basin of 85.2 km 2 . The river's mean discharge is 0.47 m 3 s -1 . It empties into Puck Bay. The concentration of chloride did not exceed 100 mg Cl -dm -3 (Fig. 12) during the two-year study period. The concentration of chloride did not fall below 20 mg Cl -dm -3 either. This indicates that the mouth of the river is affected by the sea to some extent but that extent is not significant enough to warrant the conclusion that seawater intrusions are taking place. 
Wetlands
Wetlands found along the southern coast of the Baltic Sea are unique in that they serve as focal points for seawater intrusions taking place in a variety of bodies of water. Beka Preserve is one such wetland area. The effects of seawater intrusions can be observed here at the mouth sections of the Reda and Zagórska Struga rivers as well as in a dense network of drainage ditches and swamplands. The water balance in Beka Preserve is affected by direct seawater intrusions from Puck Bay, the impediment of surface runoff resulting from temporary increases in base water levels, the flow of seawater over coastal embankments and the influx of brackish groundwater. This diverse array of water effects divides Beka Preserve into several parts (Fig. 13) . The northern part is adjacent to an upland and receives its surface runoff as well as precipitation. Its waters are not very saline. The central part includes a lot of saline puddles and saline groundwater. The western part is affected by freshwater flowing from the interior as well as by brackish water flowing over an embankment from time to time. Persistently high concentrations of chloride (1,500 to almost 4,500 mg/dm 3 ) were detected in the Beka Canal, the Unnamed Canal and the Jan Canal during the period 2002-04. Chloride concentrations remained under 20 mg*dm 3 (Fig. 14) in other bodies of water. All of the investigated bodies of water with high chloride concentrations feature stagnant water and do not possess a direct link to the sea. The wetlands also feature puddles of marine water as a result of embankment overflow and wind-carried spray (Fig. 15) . Research data indicates that groundwater is responsible for hydrological differences in Beka Preserve. This is confirmed for the northern part of the preserve (piezometer A) by chloride concentrations ranging from 50 to 80 mg*dm 3 Cl -. This concentration is the result of groundwater flowing down from the upland. The remaining piezometers (B -F) recorded high concentrations of chloride (1,000 -3,500 mg/dm 3 Cl -), which is a lot higher than the chloride concentrations detected in surface bodies of water. In addition, the fluctuations in chloride concentration in groundwater and the level of groundwater are consistent with Hence, it may be inferred that this wetland area is affected primarily by periodic seawater intrusions as well as by marine water flowing over coastal embankments and being carried by the wind.
Hydrographic systems
The extent of seawater impact along the southern Baltic coast is larger in places where bodies of water form hydrographic systems. The Martwa Wisła River and the miała Wisła River as well as the mouth of the Wisła River (via a sluice) form this type of system. The Martwa Wisła (Fig. 16) is an old arm of the Wisła River and today remains separated from the mouth section of the main river channel. The miała Wisła is an old breach in a sandbar that occurred in 1840. The miała Wisła is about 2.5 km long and 150-200 m wide. Today this section of river also connects the Martwa Wisła with the Baltic Sea. The eastern section of the Martwa Wisła remains a flooding arm, whereas the western section serves as a port channel. Discharge in the Martwa Wisła varies substantially as does the direction of flow (Jasińska, 1997) . This and the river's direct link with the Bay of Gdansk cause mean annual salinity to remain high where the river meets the sea (6.13‰), somewhat lower in the central part (4.71‰) and the lowest in the western part (3.48‰) (Jasińska, 1997) . This general pattern is interrupted by the influx of river water (salinity in the Motława > 1‰) and seawater via the miała Wisła. Seawater intrusions have been shown to penetrate the river in the period 2002-03 in a manner characteristic of estuaries -a wedge along the bottom (Cameron, Pritchard, 1963; Davidson et al., 1991) . Elbląg Bay, the Elbląg River and Lake Druzno form yet another hydrograhic system in the eastern Vistula Delta. Lake Druzno is fed by a land drainage basin. Water exits the lake via the Elbląg River, which empties into Elbląg Bay. Seawater periodically enters the lake via this same water route (22 -33 % of annual discharge).
Mean values of both sea-based and land-based data indicate that the entire system experiences the chemical impact of Vistula Bay. Seawater intrusions were detected in 16 of 35 cases analyzed in 1997-99. Major intrusions were noted on Sept. 24, 1997 , Aug. 26, 1998 , Feb. 25, 1999 and Oct. 6, 1999 . Minor intrusions were noted on July 9, 1997, Oct. 30, 1997 and Jan. 22, 1998 . Mean chloride concentrations were always detected closer to the sea (Fig. 17) . It has also been shown that the chloride concentration in the middle part of Lake Druzno is always higher than in the lake's tributaries. This shows that water chemistry in Lake Druzno is substantially affected by seawater intrusions from Vistula Bay. Fig. 17 . Chloride concentration in the Elbląg Bay -Elbląg River -Lake Druzno hydrographic system for selected periods. In the period 1996-98, the concentration of chloride ranged from 26 to 1,345 mg/dm 3 in Elbląg Bay, from 15 to 1,197 mg/dm 3 in the Elbląg River and from 12 to 824 mg/dm 3 in the southern part of Lake Druzno. Another example of a hydrographic system experiencing periodic marine impact is the following system: canal linking Lake Gardno to the sea, Lake Gardno, river linking Lake Gardno with Lake Smołdzińskie, Lake Smołdzińskie. While the concentration of chloride normally does not exceed 200 mg Cl -dm -3 in Lake Smołdzińskie, minor exceptions do exist (Fig. 18) .
Conclusions
The water balance along the southern Baltic coast is affected by land-based water drainage, seawater intrusions produced by fluctuating sea levels driven by wind surges, hydrographic entity types and the water balance between these types. The stated hypothesis has been shown to be true -the hydrochemical effect of seawater intrusions depends on the type of hydrographic entity and whether that entity is stand-alone or part of a hydrographic system. Bodies of water such as Vistula Bay experience seawater effects throughout, although their intensity varies spatially. In this case, the coastal zone consists of the surface of Vistula Bay and other bodies of water linked to it. In bodies of standing freshwater, the hydrochemical effects of seawater vary substantially and depend on the size of the given body of water as well as its location relative to the sea. Large lakes such as Koprowo, Resko Przymorskie, Bukowo and Łebsko constantly exerience seawater intrusions, which makes them similar to lagoons (Drwal, Cie liński, 2007) . Lake Gardno experiences seawater intrusions most of the year but also experiences periods of lower salinity. Gradient appears to play a major role in this case. Nevertheless, all of the studied lakes are affected by seawater intrusions. Lake Jamno is primarily a freshwater lake but it does experience some seawater intrusions, which cause a sudden rise in chloride concentration in some parts of the lake. Small lakes close to the sea such as Ptasi Raj and Kara constantly experience seawater intrusions. The extent of the coastal zone is the same for bodies of standing water and lagoons -area of the given body of water plus that of other bodies of water linked to it. Canals linking the lakes of interest with the sea are the only routes where seawater can travel towards the interior of the coastal zone. Freshwater and seawater can travel either inland or towards the sea via the full cross section of each canal -a classic example of an estuary. The hydrochemical effect of the sea in the mouths of small rivers is small and not strong enough to be labeled a seawater intrusion. The small cross section of small rivers may help explain this inference. In this case, the coastal zone is virtually limited to the mouth of the given river. The occasionally elevated concentration of chloride in wetlands may be the result of occasional underground seawater intrusions as well as seawater being carried inland by the wind or simply splashing over embankments. Underground penetration is more likely since surface flow is impeded by coastal infrastructure. Hence, it may be inferred that wetlands experience periodic seawater intrusions primarily via underground pathways as well as via splashing over embankments and seawater carried by the wind.
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